The distribution of the neurotropic alphaherpesvirusesherpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) and varicella zoster virus (VZV)-was determined in autonomic and sensory ganglia of the head and neck obtained from formalin-fixed human cadavers. HSV-1 and VZV DNA were found in 18 of 58 and 16 of 58 trigeminal, 23 of 58 and 11 of 58 pterygopalatine, 25 of 60 and 14 of 60 ciliary, 25 of 48 and 11 of 48 geniculate, 15 of 50 and 8 of 50 otic, 14 of 47 and 4 of 47 submandibular, 18 of 58 and 10 of 58 superior cervical, and 12 of 36 and 1 of 36 nodose ganglia, respectively. HSV-2 was not detected at any site. Viral DNA positivity and location were independently distributed among autonomic and sensory ganglia of the human head and neck.
The trigeminal ganglion is the traditional site of latency of HSV-1 and VZV in the head and neck; however, these viruses have been detected in other sensory and autonomic ganglia, including the dorsal root, geniculate, vestibular, spiral, and nodose (inferior vagal), superior cervical, and ciliary ganglia [4] . Although HSV-2 has been postulated to have a preference for infection and latency in the sacral ganglia, HSV-2 has also been implicated in oral-labial infections [5] .
Previous studies of the alphaherpesviruses in ganglia have usually reported results from a single donor or from a limited region of the body. Few studies have examined the interaction of different alphaherpesviruses with each other (ie, if one virus is present, are others more likely to also be present in the same site?). The goal of the studies described here was to determine the distribution of HSV-1, HSV-2, and VZV DNA in autonomic and sensory ganglia of the head and neck and to determine whether the presence of virus DNA in one site was predictive of the presence of virus DNA at another site in the same individual or of another virus in the same site.
Materials and methods. The ganglia used in these studies were collected from whole embalmed bodies that had been donated to the Medical College of Georgia for use in anatomical education and not from pathology specimens or from specimens collected for diagnostic purposes. The collection and study of donated human material was conducted under Medical College of Georgia Human Assurance Committee protocol #02-06-341. The mean ‫ע(‬ standard deviation)age of cadavers used in this study was years (range, 48-96 years). The 80.8 ‫ע‬ 10.3 age, sex, and presumed cause of death for each donor involved in this study are listed in Table 1 . Serological information was not available; no donor had evidence of an active herpesvirus infection. Donors were refrigerated within 4 h after death and were embalmed within 20 h after death.
To collect ganglia, the calvaria was removed circumferentially, and the brain was removed by severing the cranial nerves and spinal cord as close to the brain as possible. The trigeminal ganglion, superior cervical ganglion, nodose ganglion, pterygopalatine ganglion, ciliary ganglion, otic ganglion, submandibular ganglion, and geniculate ganglion were removed separately using a new set of sterile instruments and gloves. Sections of selected samples were stained using hematoxylin and eosin to ensure that neuronal nuclei were present. Fifteen milligrams of each tissue sample (∼16 mm 3 ) was briefly washed in phosphate buffered saline, flash-frozen in liquid nitrogen, and powdered using a stainless steel tissue pulverizer.
To reverse formaldehyde cross-linking of nucleic acids, the powdered tissue was washed 3 times in 10 mM Tris, 10 mM glycine, and 1 mM EDTA solution, pH 8.0 at 55ЊC; 0.2 M NaCl was added to the final wash solution to facilitate separation. The tissue was pelleted between washes by centrifugation for 10 s at 2200 g [6] . The tissue was digested with 30 mAU/mL proteinase K overnight at 55ЊC, and DNA was extracted (Qiagen).
DNA obtained was quantified spectrophotometrically and verified using primers specific for a 149-base pair, single-copy, noncoding region of human chromosome 18 (D18S1259) (Table 2) [7] . The identity of the polymerase chain reaction (PCR) products was confirmed by separation in agarose gels and by the presence of a band at the expected molecular weight.
Nested PCR was performed for each virus on 200 ng of sample DNA using primers and conditions listed in Table 2 . HSV-1 and VZV primers were verified previously in studies of DNA from fixed human trigeminal ganglia [8] . HSV-2 external primers were obtained from published sequences, and nested primers were designed to be within this original 285-base pair sequence using Primer3 software [9] . PCR reactions for each virus were performed in 96-well plates using the FailSafe PCR system reagents (Epicentre). For the nested reaction, 2 mL of the first reaction was transferred to a second reaction plate containing the appropriate buffer, Taq polymerase, and the second set of primers. The identity of the final product was confirmed by electrophoretic separation and ultraviolet visualization.
The sensitivity of nested PCR amplification was determined for each virus using a 10-fold dilution series of viral DNA (10 6 -10 0 genomes) mixed with 200 ng of human DNA (Promega).
Quantified viral DNA for PCR standards was obtained from Randall Cohrs of the University of Colorado Health Sciences Center (Denver, CO). The sensitivity of the HSV-1, HSV-2, and VZV nested primer sets was 39, 1000, and 100 genome copies, respectively (data not shown). All primer sets were specific for only 1 viral type. The data set included 415 ganglia categorized with respect to location, anatomical side, and positivity for HSV-1 and VZV. HSV-2 virus was excluded from any comparison, because no sample was positive for HSV-2. SAS (SAS Institute) was used to develop a log-linear model of the data. Variables analyzed for this study included virus type (V), positivity (P), side (S) and location (G). All variables were nominal-level variables and were dichotomous except for G, which had 8 categories. All cadavers (including ones that had negative results for virus in all locations) were included in the statistical calculations.
A hierarchical log-linear model was fit to the data using backward elimination to assess the associations of the variables and to determine the dependence structure of the occurrence of the 2 viruses. Once this model was complete, a detailed analysis of residuals was conducted to assess the differences in the observed counts and the expected counts for the above model and to graphically assess model fit and model assumptions.
Results. The results of testing all samples for HSV-1 and VZV DNA are shown in Table 1 . No sample (0 of 415 samples) was positive for HSV-2 DNA. Overall, 36% of the samples (150 of 415 samples) were positive for HSV-1 DNA, and 18% of the samples (75 of 415) were positive for VZV DNA. All ganglionic locations had HSV-1 DNA and VZV DNA in at least 1 sample. Eighty-nine percent of the cadavers (32 of 36) had HSV-1 DNA, and 61% (22 of 36) had VZV DNA in at least 1 ganglion.
Results were analyzed for dependence between sites, sides, and virus type using a step-down log-linear model. The final log-linear model of the complete data set (8 ganglion sites ϫ 2 sides ϫ 2 virus types) included the following significant terms: Table 3 . Log linear subtraction method for assessing dependency relationships of viral type (V), ganglion location (G), side (S), and positivity (P) in complete data set.
This table is available in its entirety in the online version of the Journal of Infectious Diseases
Constant + G + P + V + G ϫ P + V ϫ P. After step-down elimination of all nonessential terms, only G, P, V, (de-G ϫ P pendence of ganglion and positivity) and (dependence V ϫ P of virus type and positivity) were needed to accurately model the data. All other higher-order terms were not significant and were considered to be nonessential to the model, suggesting independence from all other factors. The likelihood-ratio x 2 of the final model was 26.04 (46 degrees of freedom;
), P p .992 indicating excellent fit of the model. Three-way and higherorder effects were not statistically significant (likelihood-ratio ; 29 degrees of freedom; ) (Table 3; online   2 x p 21.92 P p .823 only). The maximum absolute adjusted residual was 1.6. Residual plots for the model included adjusted residuals versus expected normal values and adjusted residuals versus deviations from normality; no anomalies were evident in either plot (data not shown).
Statistical analyses revealed that (1) virus occurrence was independent of side, and there were no statistically significant interactions of side with any other factors (S not in final model); (2) virus occurrence differed by type of ganglion (significant term in model); (3) virus occurrence differed by type of G ϫ P virus (significant term in model); and (4) there was no V ϫ P significant association of virus and ganglia with respect to virus occurrence (ie, virus type and type of ganglion operate independently on occurrence and not jointly). There were no other higher-order terms in the final model; in particular, there was no term. G ϫ V ϫ P Discussion. The results of these studies demonstrate that HSV-1 and VZV DNA are independently distributed among ganglia of the human head and neck. The presence of HSV-1 and VZV genomes in both sensory and autonomic ganglia suggests that latency (and perhaps reactivation) of these viruses extends beyond the trigeminal ganglion. Reactivation of HSV-1 or VZV from a nontrigeminal site may help to explain unusual types of suspected herpesvirus infection in the head and neck, such as Meniere's disease, Bell's palsy, and acute retinal necrosis (ARN) [1] . Independent distribution of alpahaherpesvirus DNA in ganglia of the head and neck and between sides may explain the clinical observation that herpetic keratitis usually occurs unilaterally [10] . Most cases of ARN are also unilateral and are not associated with concomitant herpesvirus infection at a nonocular site, suggesting that virus enters the eye after reactivation and spreads from a nontrigeminal site [11] .
The prevalence of 89% (32 of 36 cadavers), 0% (0 of 36), and 61% (22 of 36) for HSV-1, HSV-2, and VZV DNA, respectively, in this study differs from previously reported prevalences of seropositivity of 57.7% for HSV-1, 17.0% for HSV-2, and 95.8% for VZV DNA [2, 3] . One factor that might account for the difference of prevalence of virus in our study is the relative difference in the age of subjects. The age range of our subjects (48-96 years) only minimally overlapped with that of the subjects involved in the larger National Health and Nutrition Examination Survey assessment of HSV-1 and HSV-2 infection (14-49 years) [2] . As would be expected with a longer time of exposure to viruses in the environment, the prevalence of HSV-1 is significantly higher among individuals with advanced age (ie, 160 years of age) [12] . In these studies, HSV-2 DNA was not detected in any of the head and neck ganglia, which is similar to findings from a previous study involving the head and neck, which found that only 1 of 15 trigeminal ganglion samples and 0 of 14 muscle biopsy specimens were positive for HSV-2 [13] .
The prevalence of VZV genomes was much lower than that of HSV-1 (18% vs 36%). One reason for this discrepancy may be that the number of virus episomes decreases as the time after establishment of latency increases, eventually decreasing below our limit of detection (100 copies). The lower prevalence of VZV DNA in ganglia of the head and neck in our study may also provide information about the incidence of VZV reactivation in the face. Although reactivation of VZV can occur in any of the dermatomes supplied by the trigeminal nerve, shingles in dermatomes supplied by the trigeminal nerve occurs less often (in 14%-20% of cases) than truncal reactivation [1] . Comparison studies of VZV in ganglia of the head and neck and of the dorsal root ganglia of the trunk are needed to determine whether there are regional-specific patterns of VZV neuronal latency.
Although only formalin-fixed material was used in this study, long-term losses of DNA from formalin fixation have been shown to be minimal [14] . Formalin fixation results in crosslinking of proteins to DNA which impairs the ability of PCR primers to bind to and amplify the sample [15] . However, because all cadavers were subjected to the same fixation process, the effects of the fixation on the results of these studies would be expected to be similar for all samples.
In conclusion, the results of these studies show that HSV-1 and VZV genomes are distributed independently among autonomic and sensory ganglia in the human head and neck and also that the presence of virus DNA in one location cannot predict or eliminate the presence of virus DNA in another location. As a consequence, each ganglion should be considered as a separate and perhaps independent site of latency and virus reactivation in humans. Our study provides additional information about nontrigeminal sites of herpesvirus latency that may, in turn, provide clues about how the neurotropic her-pesviruses behave in their natural host and the locations in which these viruses reactivate to cause unusual herpesvirus infections.
